The experiment was carried out in the greenhouse of the DEAg/UFCG, Campina Grande (PB), Brazil, to evaluate the growth and development of the bell pepper subjected to fertilization with biochar and nitrogen. The experiment was conducted in pots under greenhouse conditions. Treatments were arranged in a completely randomized design, in 4 × 4 factorial scheme, relative to four doses of biochar (0; 7; 14 and 21 m 3 •ha −1 ) and four doses of nitrogen (0; 40; 80 and 120 kg•ha −1 ), with three replicates. Considering the analysis of growth of bell pepper plants during the first 45 DAS, is recommended the average dose of biochar of 19 m 3 •ha −1 on vegetable behavior. Under the conditions of the experiment, nitrogen favored only the absolute growth rate of plant height and the stem diameter.
Introduction
Biochar, a carbon rich product, is obtained by heating an organic biomass in a closed system with limited oxygen supply, i.e. obtained by pyrolysis, a thermal decomposition process, between 400˚C and 800˚C. Its structural and chemical composition depends on a combination of the type of raw material and the pyrolysis conditions used.
The presence of the mixed biochar with soil influences the physical properties of the same; increases the cation exchange capacity by adsorbing metal ions nu-trients from plants, such as calcium, iron, copper, or toxic to them; influence on soil reaction; provides nutrients to the soil and, consequently, influences nutrient uptake by plants [1] , among several functions.
Studying the influence of biochar produced from wood residues [2] , eucalyptus [3] , olive trees and wheat straw [4] , rice straw [5] , wood chips [6] , papermill waste [7] and poultry litter [8] for soil fertility, these authors observed, in general, an increase in the availability of calcium, magnesium, potassium and phosphorus; increased pH and the total organic carbon of the soils [9] , reducing the exchangeable acidity of the soils.
Some authors have reported that the use of biochar in agriculture has a significant result in productivity gains. According to Peter et al. (2012) [3] [4]
[7] and [10] , the eucalyptus biochar, wheat straw and olive pruning residues biochar, papermill waste biochar, and wheat straw biochar had a significant effect on rice; wheat grain; wheat, soybean and horseradish; and corn yield, respectively. In spite of all the benefits associated with the addition of biochar in the soil, studies on the effect of poultry litter biochar in bell pepper crop development are scarce.
Bell pepper (Capsicum annuum L.), belonging to the solanaceous family, is considered one of the most cultivated vegetables in Brazil [11] occupying among the ten most important vegetables on the market, both in value and volume sold.
This vegetable can be consumed in the form of green fruits, mature and industrialized in powder form [12] . It is a very demanding plant with respect to the chemical and physical characteristics of the soil, with a good response to organic fertilization. The highest yields are obtained through the combination of organic fertilizers and minerals [13] .
According to Marcussi et al. (2004) [14] , mineral nutrition is essential to increase productivity and improve the quality of the harvested bell peppers, and play important roles in plant metabolism. Among the macronutrients, nitrogen is the second most demanded by vegetables [15] and is considered one of the most limiting nutrients for the bell pepper crop, because it influences the physiological processes that occur in plants and fruit production.
According to the above, the present study had as objective to evaluate the growth and development of the bell pepper submitted to the fertilization with poultry litter biochar and nitrogen.
Materials and Methods
The experiment was carried out in the period from August to November 2018, in greenhouse (a structure covered and sheltered artificially with transparent materials to protect the plants against the external meteorological agents) at the Each experimental unit consisted of one 8 dm 3 polyethylene pot, covered with 6.0 kg of soil material. After filling, biochar was incorporated in each experimental unit in the upper part of the soil material and the mixture was irrigated until reaching moisture content corresponding to 80% field capacity, for the experimental units to remain incubated for 8 days.
Bell pepper seedlings, IKEDA cultivar, were prepared on a plastic tray, using a commercial substrate, where 3 seeds were planted in each tray cell; at 28 days after sowing (DAS), the seedlings were transplanted to the pots and thinning was carried out 8 days after transplanting, leaving only one plant per pot. Plants were daily irrigated with the water volumes required to reach 80% soil field capacity.
Bell pepper plants were staked until the end of the cycle to assist in their support. determined, according to [18] , using Equation (1):
where: LA-leaf area (cm 2 ); 0.60 = Correlation coefficient; W = Sheet width (cm); L-Sheet length (cm).
With the growth data, absolute growth rates (AGR) were calculated for all variables analyzed, following the methodology proposed by [19] . The collected data were subjected to analysis of variance by F test at 0.05 and 0.01 probability levels. When significant, linear and quadratic polynomial regression analysis was carried out using the statistical program SISVAR [20] . Growth rate values were transformed (√ (X + 1)).
Results and Discussion
Biochar doses significantly influenced all variables studied, while N doses significantly affected (p < 0.01) only the absolute growth rate of plant height (AGRPH) and stem diameter (SD). However, the interaction between these factors did not significantly influence (p < 0.01) any of the variables (Table 1) disagreeing with [21] . These authors observed that the application of nitrogen associated with biochar, produced from agricultural residues (pruning, grass and cotton), increased productivity in radish (Raphanussativus) dry mass of 266% compared to the control treatment (application only with biochar).
The plant height data as a function of the biochar doses (Figure 1(a) ) were adjusted to the quadratic equation, reaching the maximum height of 33.62 cm with the 11.68 m 3 •ha −1 dose of biochar. This result may be related to the increase of the macronutrients liberated by biochar to the soil, favoring the growth of the plants corroborating [22] . These authors, analyzing the effects of the biochar in the soil, observed a significant increase in the levels of phosphorus, potassium and magnesium.
It is interesting to observe that the increasing doses of the biochar increased the pH of the soil samples from 5.5 to 6.5, probably by providing the chemical elements of the soil, thus favoring plant nutrition.
The absolute growth rate (Figure 1(b) ) for plant height showed a linear decreasing effect, that is, the increase of the biochar doses caused a reduction of 0.1057 cm −1 for each increment of 7 m 3 •ha −1 of biochar. This behavior may be directly associated with the increase in the electrical conductivity of the soil, which varied from 5.5 to 6.5, since, according to [23] , the application of biochar elevates the soil EC and, according to [24] , the bell pepper culture is sensitive to salinity. Similar to the behavior of plant height data, the stem diameter data were adjusted to the quadratic equation (Figure 1(c) ) with the largest stem diameter of 7.6 mm in 18.32 m 3 •ha −1 dose of biochar at 45 DAS.
In relation to the absolute growth rate of stem diameter (Figure 1(d) ), there was an increasing linear behavior, with a standard rate of 0.0035 mm•dia −1 for each 7 m 3 •ha −1 of biochar increment, reaching a total in an average value of 0.0394 mm•dia −1 in the highest biochar dose, that is, 21 m 3 •ha −1 . Table 1 . Summary of P value for plant height (PH), stem diameter (SD), number of leaves (NL), leaf area (LA), absolute growth rates of plant height (AGR PH ), stem diameter (AGR SD ), number of leaves (AGR NL ) and leaf area (AGR LA ) of bell pepper subjected to increasing levels of fertilization with biochar and nitrogen. When analyzing the number of leaves (Figure 2(a Similarly, with increasing doses of biochar, the TCA for the number of leaves ( Figure 2(b) ) also increased, however, in an increasing linear fashion with the highest value of 1.66 leaves per•day −1 at the dose of 21 m 3 •ha −1 .
Source of variation
The mean values of leaf area as a function of the increasing doses of biochar were presented in Figure 2 (c). It was verified that the data were adjusted to quadratic regression, being possible to find the maximum point in the dose of 19.87 m 3 •ha −1 of biochar, with an area of 632.1 cm 2 . This result, similarly to the previous results, that is, increase of the studied variables as a function of increasing doses of biochar, may be associated to the increase of the macronutrient content released by the biochar in the soil, and/or these nutrients are available from the soil increasing the pH, favoring the growth of the plants. The soil pH ranged from 5.46 to 6.47 according to increasing biochar doses corroborating [8] who observed that pH of the soils Argisol, Oxisol and Entisol increased significantly with the increase of rates of application of biochar in these soils.
The same was observed in the absolute growth rate of the leaf area, which showed an increase of 0.42 cm 2 •day −1 with the increase of 7 m 3 •ha −1 of biochar, The results observed in this research evidenced a good development of the culture in the presence of biochar, contrary to [23] . These authors evaluated the bean crop fertilized with biochar with and without NPK, observed that the biochar was ineffective in supplying the missing macronutrients and, consequently, did not favor the development of the plants.
According to Table 1 , the application of nitrogen to the soil significantly influenced only the absolute growth rate of plant height and stem diameter. The other analyzed variables were not influenced by the increasing doses of nitrogen, for example, the leaf area, contrary to the results found by [26] . These authors, using cow urine as a source of nitrogen, observed a growing leaf area as a function of increasing doses, evidencing a positive effect of this nutrient on the bell pepper crop.
Nitrogen is the most important nutrient for the bell pepper crop, because influencing the cellular differentiation, besides other physiological processes, stimulates the vegetative growth of the plants [27] . This fact can be verified in the present study, since N influenced positively the absolute growth rate of plant height from 48.33 kg•ha −1 of N (Figure 3(a) ). These data were adjusted to quadratic regression, with maximum point of 0.65 cm•day −1 using 120 kg•ha −1 of N.
In general, the use of the absolute growth rate becomes a precise measure between two successive samplings and may be an indicator of the average growth rate (g•day −1 or g•week −1 ) over the period evaluated [19] .
When analyzing the diameter of the stem (Figure 3 
Conclusions
The results showed that the addition of poultry litter biochar alone had a positive effect on some growth parameters.
Considering the analysis of growth of bell pepper plants during the first 45 DAS, is recommended the average dose of biochar of 19 m 3 •ha −1 on vegetable behavior.
Under the conditions of the experiment, there was not a significant poultry litter biochar × nitrogen fertilization interaction; thus, nitrogen favored only the absolute growth rate of plant height and the stem diameter.
The biochar produced by poultry litter pyrolysis is important, because it is a management option for waste materials, guaranteeing agricultural benefits.
